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rr.. tM ....... :rear, H. ~. 'f't"acy"""" R. "d. Cart.rJp.......1.<o<l '" C,-""
J"'!......., Jl'll"'r UI tr.. en. "" Kin<I...ter and Carter. In it thO~ pV1l a _.!lOCI
or c:>op~~u.s the~ Mcl:water dua to ..pon-eh&nn.l"",'~t\·t.,t"""', Thl
PI'''.Um oolul.1on wU bait<! upon 0IIPb'1.e&l Il1lcbal"l!" co-trtd""t. oIlld •
1.&I>:>ratol')' 1:>....1.1&&1.1"" of the intl"""". oJ: ._1 "'...~M.U. el>anrat
.,,"po, an<! connrloUon g~1. 'ltIol:r otud;r'" u.1tei to s1l>gle span,
d...~~tn><,.~t>'1"'.J.""~""" tc <rtO&dy, tr...,qull t1.o>f. C. 1. h"l'd.41., Iti.
dhcUJ.1.oD or tbi. paper, pov.tod out tbAt tJI. ll.cl<w:>ter ratio 10 det1nlteq
• !\InoU.... or 1M noraooJ. "ept./> Froud. n_ at tho OOlUOlnctod ...0'l01o:>.
AI"" ho q"••t1onl>d tho IllI. or 1M blt.cl<lfotar .....Uo ""coop\. whO<\ the head 10..
....Welln tllo se<:1;!en or ~,",1,",. l>~'" &1><1 tho ...... contr.eta 1. !.Ioq~.
~ t. tl>o .ppreacll ...1001t.T _.
Tho OOIIIb1n«l work oJ: lU.nd.~t.r. Cort,.or. and Tr..". _. or~nl,...j
1m<> • U.S. ~lo~c&l survey Ci""uJ.u~whteh pr.._ood ....hod tor detor_
II.!.nin3 peal< diacbors.. at oIlrupt co.1Cractlona. Tbo d1.ab4"S0 ••tu...u "...
to bo ..de tJ.0ZlI. • OIlM'OJ' or b1J1> .....t .........u ond .halInol .b......et;.rl.t1cl.
Hthou,P> tt.. -.th<>d applies >fill to d""k ton>- I>r~ee, U..re h no ¢ir.et
epplicaUon for us.lng the ..tho<:l W'hEn an ","ell bridil" h "'N to ..o.k....
in<Urect .....Ul'_t.
In OCto'o$r, 1957, thoo Col<>l'ado State Univeroit:r in coopel'aUon
\dtll tll<I u.s. B\lMIa" cf ?llbU. ~. pllbU.lled. • bull.et1n by ~. ~. u·...6
J. ~. Br... loy """ ~. J. P1.&te ""Utl.f><l "B&clDtater Mfoocta of Phrl and
AlnJtaollta.. A r18O"""" an<! ._1ve inv••UsaU"" ot tbo boclc"nec Ittlet.
cf piers _ '_nta ""0 booo" &!Yell. The popor iM1u:1l. 0 ca.pl.oU "'alTah
of tho ""erg 1.0..... tllrc\l&ll tile o..",triotioll. In tile _ ....I~te
oaplo ...tllOd ot ."a1Toi. h pn>n<lN for tho tl4h"1OJ' Itngill.eer to ..... n.
,."e..&1 pr1noJ.ple of tllo ...th>d b the <»nurntiOll of ",cD. I. n\Oll!lor
,
,.
ot uspha ba••d _ LaboNt.w'T dU.& ...... devlle","", lor d.et<>=1nln~ tl>o
"an., bad"...ter .and t"" dl!f<tr""tieJ. lewd of _tel' surtMe "'1'0.' thoo
~t. TIIt...u.od..ao reproduoo<l in • bllllotin pIlblbhe:l '01 tho
S""",au 01 Public a<*l.71lo 001.<>1><11'. 19~B. Il",,~. of tho .......~ II"". at tolerodo
ha" -.. ""od .. " comparlaon to tho prUOIIt .....,.ch and .-.to,.""•• to it
will b. ooad. t"""""hout. th1. t-ext..
a. 1I. vau...,tl.n.s.-.POI·U "" ""h p...to.-<! to It""y thl .1Ia....
s.tor1ltiu of flow in " r..:Ungul.o:r 0""",,,,1 vj,u\ I,.,..trie.o.lly placed, ahup
oa,;od .""stdcUon plate. paetG I>O:'IloIll to erA now. 11>0 now u relahd
t<> tJI• ......,........ dopl.h '01 ""'&nO or " ...1r trPO d.1lohar~. ~""lJ.on. '!be
~rbontd .""Uie1.enh ...... found to ""pen<! _ tho '''-''''"1 of lb.
conn..i.t1"" or>d lhO !'mud. !ll::'Wr <>! till IlDco""trtcted flow. 'lbo con<li_
lion_ wh1.oh prod"". en !ncn... in "Pot;....... depth ><eN lnvuUgot.od aod lho
oxtonl of t!le' !.ncrcue na.llattd.
~ ....,_ ...,ok dono at lA!dgh 1,In1...o1t)t hU.9._t tile elr••t.
ct plaoing ell"" <U,kes on lho "Pot,,"", a1cla ot " h1'11180 conlracU"". 'I'!Iou
d1l<.. &roo d••.lV'"1I t. in:ru.. th. Il,;rdraul1c ernel""",- or U.I br1<lg. cRlO"
lng. n>e parer _"cnu " good '1uo.UtaU"" de.erlpl.1on or tl>o """ro le••
thl'C"llh t.ho I>:IDtr&<:Ucn,
H...e1z>lOe.o.rrlt<l out. prel.imDe1'7 in....U"tl.<>n upon which the
pres.nt no_.-eh 10 bued.. lie .tl>died both t"", o.nd three ~ei~ .-.1_
ei....ul.&r uoh 01""1:1<;. in • ..,.,th n..... Gonorel c.nt.din. eorr.." pro-
rues ...,... Dbt.e1ne<l """ noc:_utll>ne r{li" rut Wd1•• " .... _.. A
d~CI<\.tJ. .".u,yei. or tllo ptobl_ .... pno• ..,t .
S<>o~.nloped. ror tile t"", d1lMrIeionAl c..... both .....et """







































































































































































































































































































































































































































































































































































































































































































































































































•• ) For the rlu1d
'II. tile ab..,luu viacoalt,7
(. den.it,. ol tho nlUd
!, aeedar't1on of (,,,,,01t1
b.) For the _trull. flow
11' INxlE'" ....tor depth u;;nr..... of oooltneiion.
(...tion 1)
YN tho l>Ol'lOo'U do"th of n"" in tho appro""h On ".'\01,
(.action 0)
Vo • tho ulocltl of flo>< ~t oot'll'oal dopW>.
o. ""',1n<I:'. "'''''''0'' cooJ'tidont of tho ."","o"'~
chlllrlal.
,4n, tho lI'd"", .aUr ...rbol drop "'''''1. tM ."Minc_
tton.
Aq-n.. t.otal 0=1 deptb tlm< .......
"'-T'\I." now ...pre,..,Uo:; tl»1 l'0r'l.1.D/l of tba II. thot
pau.. Uirol,l,gh tile brtdd" lf1thcut conU'&CUon
Ilo".e, tN. tho 01>:",. lilt of vaM.al>l..,
y,-f,(y-,V., " • .!Ih. Y, e.g.B.b) (1)
i:I>ok~'. tMo<'~~Ut•• th,t h .. pll1ded pl"<>1:Jl_ inch>d1nS
n quantlUos 1n wblch n ........... di",nd""., tile Quantities ,.,.1' .............,..:1
into (.....) diAKl.1cnl.,.,. paro""'hra. ,11th tile ...... 1<l~b .,ld U ... "1.t_
of ""it.!' the n-a or ....... .u-.l.onl... " pa:ramohrl ..... AI tOllon,
\I;/1l. .. fa (Il.~.} %l'o> 'Y~, Ao/yo"'~'" Ah/lJ(.) (2)
Invertin..; tile tiut twa p&rOlUhr.
'/Y• • f.(~, .~."I,',"'r,', ""I,' ,""",) '"
1D eq.....Uon (J) the t.,.. ~u oqldval...t t.o the """"... ot tile
no>s;>! depth P","". :h"".~. .130 Y.I;fi h tbe lle¥DDld. N..-ber. n 10 ....11
,
. , § l-. - . .
~ ~





• ~ ~, ;I... -..,' t;
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j Jv. ~1 • j jl I IJ' .J; "":" l •
~~";;l~~ --' • , §
-. , §,
-0'
• • ;• . • •
"
, . I ,, .,
.oj • , -• jJ •. ,
I • I j• • r • \. •
• ••••
known thet v.viey to"",,eo .... pn<!>ltl.nant 14 oJ*> obl.nn.l n"" wlteru•
..1",,0"" tore<>. p.)..aT • ..."od""1 rul.oI. 'nI. ReJl\ol'h 1/\1,01>..,. "'1 tM...,t~,..
b. dlol'et&''d<ocl tor dot.ora1n1n" y.f.J.. FurtbonlO..... by &a.IE>1n~ ebot tho
.hapo ot: th" wn.........!ac. down.tr.... do... r.ot ou-t.et """ur~ t.h< .1Ia~
ot the ....tor ....t""• ...oat....-.., tho t • ..,. "~ eon WO b••11m1n..tod. fl
cooob1n1n.; e"" utio. ~ ond ~ 1n.tc ,0\<"....... IOXC1.lldlni tl>e IObon -...t1....~
~ Yo ;q:
u ..... "'l...Uon (3) l>o~.
" f CO- ,,;I·/n , A'''A, )J'/;' •• " ,. /1. " ,,)
1tl. b.1.elnfotor Ntl.<> h e!l.reIe... ,,,,,","to<l to be • tunoU<>n of
t"" nc...u depth I'<'o..:le If_... !.he el\.>nnaJ.. rou&hnno ""'<I th' ...tio ~~
Tbo chonrl.l_oootn<:t1"" utio (.') h d..finO<l 1n tho p t
......I"oh .. tbat pOrt-ion of tho totaJ. ""mol <lOpth n"" which oon PO"
t"""",1> to"" brldg. _te",'<,J" vielloot c....tr.otl"". By d.ti.nltt"" it h
oqll1vlLl.tont "" the rUlo A.f\obUln.od tl"OQ tl>o d~<>&1o<>o.l an&l.1oh.
non~ nM' eM n<:>=£l dopt.h frou:!. lI\<'"-bor, ella """tr&CU"" ....Uo h .,.,r_
tica ....t1o 1. 0 IIrpoth.t1cu too"", which ~. iu .J.j:nitio&l\Co on\,;/' 1:<> tho
I_rr or t .....coRriction.
Hohrrln~ to figur. 2, tor clio ....et.<>ngIl1&r CON. t.lIe total
tlcY~ 18 that n"" 1n .....a ADEll. o.ro:l tho tlo!< t.lIat pt..... tllr""Sl> tbo
m • ~/Q '"It .... ou'-- tllat t.IIo,.. 1.0 a ,", ...t&at WlUono YCl<>eJ.~ V" aero..
tho vh<>lo ""noal dopth ...U""....uaU.... {}) -..
•
,.
'*'-~. fn .. ....,1: '-'td",....-. alae> in till. Z, tho .......
f.u ~b >411 be tUf!s....,t t<w AeJo ODd """""7~ <I.jIU> 100 n..,...~
to.... J..q u.. __•
no- .IUo or t.bo \>110 u cloo&r1¥ """ _-.t.lt to<> 11/1. ('ar .!.Ir._
pl1e1q., '0/1 11 r.u-n dat1n... br ~~ ..)
•
,~ tlo&t po",1"o or • :tCi~ ....,11 v:lth ud!..... _ "~ll
10 tI>I ................. 'Q
b. '!!II U'Cl\ "" \>ec1I ~l_"" _ n.... ...... of thpl.ll 10_ n.. ...~t..r
or .......t ...... 1a " .. ciUt ...". d klooo tIM~ ot u•• &I'Cll. Tl>o
t • .... ("I of tlllO "'"~ ·"'nne) 101 !lJ'0. vlI11e tH .....~




lIT alaobN.1e .anlpulAUO<I, "'I.. (10) ean be ....nac'" to. to,"",
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FUIW" 9Cf"G. ~ T \lob ..
,---'>----,
-- ---L ._
n.ow .. 1IClO1' O· '4h.
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~_ , ~ O. to"," e..... o! .. H21-c1ro\lJAl' .....~ ..1l.11 Ulo ..,t...
or ............. aL U...pr~ IOX1sU. _,_ I u.. " do•• not u::l..t.
ttIf. ftl_ or c.. Mn be... «lc\ll..ll.Ud tor ._ 0.1 .... _ .'5
_ are l-..t_ !A tbo 5RP!> of t1prt ,. noo _.~. l.1.-i.t ~
~t.s t.IlO ''"'''u u.u.. of boUo _ a=d". no. ..,pant. ardo 1Ih1el> j ..
.._~ ....u.. ~II wiUo 1\.0 &o;>t.1I Ht- Uoo "F1"&lln. (1••• , >c )
..... "" _ ........rd. 1<: 11.. QlG>~ ... as ...~ to ."
olllpUc.aJ. co- .. -.J.Uple I'adi_ arch. h '1"&1_ of.' t ... til.. latter
boO ....... codA abo be _-.,od IUn"UJ' Jrc. *I. 7. II. "., I.ho3'
bow ..... _ ...rlcod _ 1.11 I.bo F .. '" .........-d!.
pl&r elloonnal rith .. '!loIl> ....Ud M!O:l.-<:1J'c1llu- .....tricUc..... olr"..0.be4
... 1. oqr.._ 1<: t..- at an 1lI.'iA1"" ....ta or ,........ at u.. ....u.o Y»-
ltUb Nh.."". to l'1F-\ tile 1Iom:>Ull1 tlleo.... ll1ftl,
Qa fVJA. (Uo)
l>:p&r4ln.. oo....Ucn (14) In.~ .. ..,rl.. a><l 1<:U&",U". to,.. by
Uno and 1OIlId"l \1M or tho. h.ot t""t 21-11,
1'Il1. -7 be ...,."U ....
Q.cy.~bM (16)
0.
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' ·, ". ..'Ii •• 10
•,
~h~n.' is --.",,1 eo unUt. C..-I and bIB- 1. ~....lo"" bo)l ",,-,4
tl>on b nO COIlt.....u"" .~ aU. It tho.... b "" oonu·a.ctlon. u."" ~ I~.,. I
':'u__
•
It haa 1,nn ob~~ by tile .utllon that the _Uons dorivacl
by ..........1 dlJ'tennt lIlv..tlg.\toro for t.Ilo I>ack>Mt.... ratio prod"" •.: by
.......1ouo .""otriett"" ~try'• ..... to han • bIo.1• .s...:1l&rlf\l'. A. &ll
• .-.ph, "'l~tlcm(21) in tlul pro.ant t ....1o tor 'l1'L ..ppuro to bO _ hne-
Hen of (Ji/mr. An "'l....U"" tor tho b&l:k-Al.el' ....Un ct."" 1>7 Volem;b.8
tor LatunJ. COn trieti"", pht.. 1a
" I:-ff...-t'!%. ( , C. 7- ".,• 5< 11'1'C(I-m)





1ng U tllOl h"" tbo aaBII oantraetton uti<> .'. thol ol»uJ.d prt>duco tho
..... boelcwt.r ratio. tho l1al.l.lltlon. ot tho u0100pt1o<l ..ust noc',' ,rl11
lA11<1 tho t.ot tt.>t bath bridgn ..,ot My. \It...........,trlo1t,y, ..~.......
COIOpOo" tho t'l'l:>o-d1<>on.1anal .....-<>1reul<or l.II.t ...ulu at tho ."tllar. tl>o
..~t elate abW.nod. by :9<>ol<1, """ tho VB data .. Ih... by 1.1".6 1ho
A. r.a.l.n 1'o.Unt; r..l.llUu
Fer tile purpa•• ot I"""l..1A1I>&r"¥ hU1ng, • .all Y&l'iabl& oJ.op<o
OODOt.rIoctod at 1",,1" d ......tw.l¥ &llis-J. by .....,. of 04jun.InS Kr.......
th••~ of tho tl.- """tr 110<1 by • 1>al>I1 oporatocl K1...or jock at
tile lowar _ at t.lIo tl.-. "" ollAl1tt"'" l-boam .....tod horl-.t&1l¥ .1>::1""
'7.
tho tll- ......ed ••• tnc~ tor tho ...hank.l _ electrio poi.nt ~"l:'~
...00 in~ tho ....l.<Ir .Ul"t~oo "",••ur_l.o. 'It>o .10ctrl.e pOut
81<,;e ""....htod <>t two _oJ. p01.<>tc U.ot ...,.. tioolcod up to ....1. ot ~ ..t·
tori.. or.d 0 p1 :'oter••ho.~ 1."" .It<:OM ...tel pOJ.nt would .ok. < ,""1.
with tl>o ..st"r .ur1 the olreuit ""ul4 ole....~d the ~dv""'"""t., "OUld
d.tllOCl;, .~ now ..~. I.oured b.Y '" 1 1.'lCh o>'ittce plato 1Jt • 2 1.<>.1:. .UWlY
lln.. r"" 3nI1 thr.. da.•,ulonal tu~. -..ore l'I¥\ 1.~ b<>th • ....,th &rIC r<:"6h
n.-. 'or the reuzh t ..to. tho "",11....,... lined wlth copper ><1 ... u.ll
ot 16 .....ho. POl' 1Jtcll.
Tit<> l:l&Jortt)' of 1.110 tech ...port"" Il&r<I ..."" pdrlOraod 11> ..
1&rier 2 toot b;y S toot. b;y 64 toot •.11 ste.l Utl1ng n.-. Tho tJ.oj>&
wu oMtl"011f!C! 1.)' oU sor... j&clco 1.,,"1. ....... d.nS'ed on:! 1....o.l1od ••e!t
1.1>01. tho ....to or n •• _ foJ.l of esch ~k por turn of • o1zlgl. <!rh•
• haft _. propert1on&J. to the <Ii.tor... trao tl>o p1mt pOint ot til. tlUlt••
Tb& ,.ek....re 1I:-1v"" by • C-m ""tor "OIl 8""'" .-..fucer. Tho ""tor ....
opentod by a rai •• , 1cw&r _ .tep SltitOh. ,\ ro""ltttlon ."""tor "".
otUchod a.t 0,," .nd of tl. cri ... shott and tho ..1.111.1 OWl'"' of tho f'_1r'>O
Il"" ........1>ltod to tho n\Lllbor ot re..olution and tMtho of rov01uUon.
ot tllo &l\&;t. In t1~ m&rl<lOr .. ohillio 01 Uope with'" aCCUJ'ac1 ~
t. o.ooooorzS· te.~/t ...t .... "'1lJ' sccotlj>llohocl 1n Uor ot c1n1lt.o.
At tho d1.&<:hoog<t ond o! tho 1'1""" on adj:oat.bl••bArp c t"" nct.vl \Il&r
W&1r ..ad. ot lu01te .... 1nat""l.od. A 0&""-'1. box d. to &l.ia;. t •
...". op1&oh. tbo box <Iiocl>ar&ed d1ro<>tly to tIlo "UIIIl'. M II to"t b¥ 10
/<>01. hood b<u _. OGuiPl"'d v1th .., .Uipt1e&l. tr""oition to provid. 0
_h ol>ong th....t.r n.- into ths ftuM, 'nIo.:.&ad box .150







































































































































































































































































































































































































































































































































































































































































































































• atto or 1~ fOUl" _01. " .... liWlo, on. for -..:" or ...... loll<»<lnl!: v.>h..
or ••bl!, ..-0.3, o.~, 0.1, on4 0.9. TMJ' ....... COr.otMlOted 041Jl L/2 1>'.011
....rio. I'lJvo<><I ""'" r....,.,. lf1~h :a g;>UJO gUv&Dh611 ", ...t ...t.a1. Th. ~r.r..
diJ:>en.lonoJ. _010 "Ua bulU wi,,,. uille' 01 0.3. o.~. 0.7, and 0.9.
In ....011 ••' ~"""P twe OIDctel........ conotl"UCted 'I1tll 1./1>-0.1) ....11 OIl ....del
wltll LJbooO.~. Tho _in ""n~t1on .... 1/2" ,••.ri ...~ Th< l.o.rceJ.
>In '0"- ~ltb &41y,nJ.."" o/lAoo...tal, on<! one 01<1. of ... "r lb. lfboO.~
IOOdel.o W.O hoad lri.th luett.. P~. b> lU""trot.. tbo t.Ilr.~.1o<>Ll
bridg••• !lbe"" aro tho IoUI' lIIOd.b >I1tb L/bwO.~ o.n.:l ....0.3. C.}, 0.7 • .,,<1
0.9. TIra ":>ell. on<l lo<l"""' ....... 1nclU<:e<I to .""" jleraj>KUvo...ltll oM_
cOlll>~tl"" cr .odelo w. we•• al>h to ter. .....,,, of tho Op«l1n&o .-0.3, O.S.
0.7. """ 0.9 tor ....aU... lenllt.l\.o 1./b or 0,0.1),0.)0, 0.7S. and 1.00.
S, ll<>U4dar, !I<>u,jhne•• I.n&lyob
T~ otual teah to dctorm1-1. tM ,,"x1rzw ba<:l<wIIto.. , ..."" run
un<l-r t ..... dUr t boundar)" roU"J!ln...... Tho tirot l'OU,llll.... whi." will
... called tbs _II 10,,,,,,><1'..1. """,atOll 01 tho nIHl lAlla of tho tl........
•-tli wAlla ....... fW5lled witb "" .pcu:;r ~.ottI pa1l>t. It ..... dO'Ul'II1,,1lil tMt
tlwl "='.<>tb fl,.. FoX"".. a 1'.....n1ng. II "UUII of .OUD. w .....lue ...u
not rolON .....utt... or on,y ""t""ol pJ>;raiu1 COn<UUOII. It _. 4o.lCi~" to
f''''' a ..oon<\ ..~h. of te.ta in 0 bou.-.c1ol'j' r<>'l£m... vtl1.ch ..,llld d ..ol.ote
• ""'<. ""turol condition. ."\lilll.na • •eal. or 1/10 bot.....,. Gl'lol ....!
prot.ot.¥P", •~ II bot......" 0.02 and 0.03 in tIM tl.- ""uld NIY- !>ft.
~••J.ral>J... TId• ..,\ild Cof'''''~ to t1.old ...11.",. of. appl'OXl.l>oU1¥ 0.0'
to 0.05 ro.pacU"'1¥. ".. n ........ Un.. >11th • ..,.1.. of 1/1. 1:Ioh








•_ I ~ ..' '"'ii .hiliu i'lf.'..I 0-. 1- ---- -

































































































































































































































































































































































































































































Aeccnl1~ to, the -tl'Dd !.hey MYO du.rU,od tor d.te~ t.he vaJ.,,~ ,'f,..
t~e poUom or 1/1< inch »1U1ll1t1U01 1'<1<1. ""~ !II tllh "'"...rell pvc • ~ _&l..
ot .OL<6. 'fbo v&l.uc ot 6.06 &j>. .....Or)' ""U nth tho pr....t ..,rI<. ~1l>W"
8 L'low5 .. V.;>b of tho rol>,1llM" !\:nett",,( c,Nf l YO. tl>o ...,l.;,t!vo r<>ugI>-
no" 'l.Il'- to>: .""'. or tho lVJsb "oreal depth cbt.a.
Sw....>.! YOlocity profile........ Uk.., .t .. oMJ.U"" <>I ...d,.,•
•• rr:Tf • -19,·5
riFo 9 obc/l<. tho U&(l!l or tllia "'l""U"", .cl oo=p&ro. 1t to tho et.tlo.r
"". d.tinlsd 1>"/ SIol"... ,J6 on. <l.1U• ....,•• iJI tho ccnnant ""1 ~ d"" t.o tbG
fi~ 10 ol>otf<; • a"oral. ....lot.anc. d1asr_ to.. open <:balled
flo><. It b cl.ol11&l.- 1n onllr<l to the to"""", I\oo<Q" <u....V&II tor p1p. r::.ow.
Tbo OIU'V'l& tl\O.t ...... plotted ar. U-.,... O\ll:",.ted by ~.16n.. ~th_
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f'r"," the.~ pre1JJl1nary tut., an averaca v.lu. ot ..~ n ot
0.0238 ,,~••","p\l1<><1. A, uUbratlon e~...rt tor ..lect1ni\ nonoal <Septn.- ~••
•>04e. T"au e<J.ibr.tl"" cl\.a.rt. is W>.1l 1n tiguNl U. By u.olrlg tho•• c-U'Vu
to pred~.noine tho .1ope. ta1l-t.t.-••tt~ and no~~ dapth to 41v1 •
duiT"" Froud_ ~er .t • G1ven diseh"",Je......lOt. .""'\lIlt or 11=1-<0 ,,=o1ng
work .... • l1m1n&tl<!. Thll ""'tb.>d "0.5 'i5<>d t~.ro1J£b<lut tl>o uri.... of ro"Sh
t ..h ",,<I proved ta be ....'7 ...Usra.tory. Onl¥" e.... clno.. n<lj""'t_,~. ".re
oHd"".
Tho t ..t procedure condotOld of pruetUng tho n"",. 810;>0 -,d
t&1lget. and tJ>-n t ..tln; the urlo'iS b/9 ~ I>/b .-.odele n tl.... 0 1
dopth eOrl<llt1oo.. All dopth. "Sl"'O "'MauTe<! uan.... W tho th1:t<l bott.<>oo.
lleptlla v..... road alonG the unterl1ne ~tll the ....Jdlau:o up.tr...... 1">11\t had
b..n ....ohed Gu:\ p'...:ld. K.....ur...."U ..are th..., Wk... alo~ tho d<r"".~"",'"
••nt<orlli. UIItU th"~ point hood b..." !"eaChod and paso<!. Th.1. p:'O-
eedura ,,0.5 "'nd tor 95 """"t.h teot. a.."¥! 18O ro"'; tut.&. • .,..e _.oct."".!"•
•t~ or U...urf"",. top:lgnp~ &Rl ,010<:1ty prolUu W'Or. perf""""" on ..
r.,.. """So
Tti5TS A.ND 1i.!SULTS,
.I.. :;a,ooth 90andary 1~"t5
Tha e"l'fl :lJ:ilento.l ""1""" or ~'/'J. ro.. elJ:l1-<>.1rc.u..r eonO':tr1eUo"s ;u,
" :!Illl:IOtIl reeta.n,gul.ar ehannel ><era plotted ..... tl>e eontI"aetlon ...Uo II' &nil
18 ,,!>own l.tl f13ure 13&. In .. a1a11.....'-ler. the dueh....~e eoltl'f1ele."1t.
Cd tor the tIICOOth ll"",a hsta h ehewn in t1<;ure 13b. The equaU"" ...od
to e&lc:ulat4 thb Cd 18 allo\on in ttloo t~.
Sinee the -.oth tnta J.lIeludad onl,r the ....eulh or the tvo 41·
.""donal _ ..15. it wea naeded to in""st1iPta further the ethets or l-..:th
c "aU as rou&hneu in the rO'.>QI usta. In ordar to ta'.t at low lYoude
n.
B. !l<>!!Ilh 1'oIln<!a"l 't<>st..
Thd Ubh balo" .haN, tm conditions llhioh ....... tested 1n t"" rOGllh
chaMal. "., J[la1:ldicau tl'oo de.ired. n"r:oal depe;h conditions 1n wlI.1ch the
followint: val"". or III and Lib N.tios "er<! teotlOd,
III ~ bIB • 0.3, 0.5. O.?, 0.9
L/b • 0. 0.5, 1.0
1he e:q><tr1Jllel.,to.l eontlitlon. ~~"' 01Jtd"M frQlII tho. e..l1bnt1<>n ellU"t of
ri.,J.ure U.
Iflow f'Y'ou<l. ~o.
Rate • ., .~ .., .25 .J> ." .W .., .W I·" .70 '.80 .90,". , , , , ,". , , , , ,". , , , , i
U"" ""efficient r, tM eo.~tr&cUon nt10 lOt. the <llaehu". coetC1c1ont c....
tile baclo<.hr .....10 'Jjl,. tllo bo.ckv.ter .~rel.v.t1""' hl~ ~h. eu:rtau pro-
til" ..,tiel l>:j.oh. the length to tIM ..nl'..... Iuc_tcr el<lnt1cn Ll. the

















































































































































































































































































































































































































































































































































































































































































































































































ull1_droula.r I"O'JIlh tuts. Thl$e .u.....~ "ere abo intorpolat«l for oon~
aUnt PtoUilo JI"'*-r lines. SWlar Vapho were dr......, tor the testa r~r­
tonaod 0'.1 the other th....-<ll,.men.lonal IO:>dela. 'nllI ~ thaot. ~pp<>.... 1..
~h. FroMe JII:JlIbe.. lin.. or 0.2; w 0.60 ""...~.... "hioll "Pr>N''''' in
all or the plot .. ot the rOIlY, tnU. A o""'J"U'1.s<Y.I or tho aev"r&1 l0"Ztb
....Hoe ..... aloo den. bl t ..~~ or<u.......Uon at conat.o.rtt. fl' ,·aI""a, A tor-
pical orou-..""Uon at JIlt .0.7 15 ollown in t1gu,ro lhb. Thlo Ur.ph ~I ".u
a. othn a:ll!:i1AJ:o <><In atron&11 reY<Hl1a the tact tbat the bridr;e lAng'".h is
naUvely 1m1aport.Dnt tlll'1 CUI Cor all p:'&CUcaJ. purposu be duroea"l!o~.
In t~ 17 tho .....cit. of Oi>th uooth &cd rQ<l3h uats ..... ,."...
pared by tM w:thod of ~ ..o••~.e~Uen.. The.. curv.. vuHr the <lOncll...10n
_0 r""", tho ......U tl......, "st., that below .. Froud. ~"",*",r or 0.; to:",
b&<:k>lahr pm",,"" !>l' .. liven .cnstrktion is ••"""'t~· the ".. Co..
• """>tll and ro~h bo..,cI5J"lea.
In orde.. to ~t.ly dcac:1...... the _arline prof11o it h
duirable to Iuve till ••t1lllate of the dloy"ce fl"O'" the "P.t........ be. or the
constriction to the po1nt or OIa.<I.mUIII .....kw&t... e1<lveUon. th1. di.etal\c.
i.e r.fer,..,d to u 1.1' Bec.woe of tho fletnu. of til. """fac. profU·, in
tho v1c:Wt;r or tho ...>dnu.ol poW. it ..... e:ctr«:.el,y dU'ticult to get. ."
eDCt 1UoI.S"......nt of 1.1. Th. &<!tuo.l maMur-nto tak.., eould ",,"v• ....on
in e<TOr b;r e. IIlIleh ... !. 0.5 roMt. Howner, with t. large _t ..r <!&ta
which "oo ......n.ble, it .... poS3ible to etl>iy 1.). on v.~ .....i.. 4vor-
"'S• .-.1,... of 1.1 ...... ea1<;tll.a.tad ror "Ye1'al colllb1n&tion. of bIB. L/ • .LIB.
eto. In this IUNlSr, it "ppoared t~.-.t the vu1abl.o brldge lon(\th am tho
ehsni!:e in .' of t.bo _ ol'd.r of ...",it"".... tbo oxp.r1.Mnt.rJ. ror.
the .on "",,":let t ,..,lation.h1p ..,. rolWl by plott1Dg tho diWM.1onl. .
,
J6.
ratio L)Jb VI. the Froud. ~. with ...bIB .... the paruat..... WI ""htiOll~
shIp 1••"""" in 11..""'" 1811. Tho v.l~ 1,.1 obt.&JJ>ed r...". t.lle ....,·,t~ tnt.
al.., C~ed hvor&b1¥ with t1,guro 1..... In • d.'al,l.o.r '"'Irl.~ It "". r",un<!
tl>at til. lenJl;h LJ.+L) (<IJ..t.anee tf'</Cl tho "",xl""", ;>oint to tM cinh>,.n polJlt)
varled only ..all tile conn..!et!"" &"",~...try. Th. av<>l'''S" ¥sloe. ~r 41yL3fb
au plotted va•• - bIB "lth Lib .. Il ",r_hr in n&U"1 l!lb.
tion 3 (IU Ul\U'I.l) as an eot1Jlll1tor or the •...ntlurI bacl<w3ur. Otll Mva
u.s"; IF, ..... ocnt""U.bg paraoot,.. in ....1nll 1nd1r.ct ..........._t, ot
It.... po1nt it would .eet, that tho Ule ot IF" ""'1" be r1 101.1aaclll11l. In
oh. p"".""t ""' .....""11. tile r\.Ormol depth FN"':. 110. IF round to t.>o "
very ...liabl<t .st.Wto:>>, ot Y'/Y.' !n or<l... to t<l5t th_ v&rl&bl11ty.~ lFp
"UII 'FF;, "oorrel.o.tl"" CUM. or 1'41'0"'0 If...... prepared. TM. e~rv.
h _ ill :!1g'Jra 19. a-low" ,,,,lid. _r ot C.} tile corr-lllt!"" wu
gPOCl. lie.......... al>:>va F.. -0.5 the d"Pth '"3 lO.... ott.... below the crttlc.al
dopth a.r:d Lho ~.lat1.o:, or F./F>oto IF".. WAS V8rJ' p>or. Tho acatto .. u• .-o
t.o 1J\creaae with 1I>oUUU,S Yal.... or L/b. TtI.,..,!o"," onl7 the tut r.."n.
of the L/booO test. ere .-.. If ,!Sed It1th caution tl>oou cur ..... c.r. be IISS<!
to utwte tJI. 1a1n1a= ~ept.h )'3. It .pp".... f .... thb ""rYe that il".. 1s •
mIlCh 110,.. Nl1.&bla ;o=~tor UlAn I).
C. sa",...t A!!'\lz:!1.& .""~~",,e
With tla> intt<><luc:U"" of m·. tl>e ."lIIlI'ti"" v•• owle tl\o.t it pro-
par4' 1nt...-pnted the backwater pl"Oduc:ad b7 """.tM.cUon. of the .......'
would be equal regardl... of tl2 phy.1.o&J. g__tl'7 of tho actual con.tr1c-
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ln tho -.u "....llloinU7 n.- On twe-d1D:lnslonal selll""nt ....irs wilt ...
p"rl/r val", ot O.S. (sea tigure:<). i'lIe dau obtainl>d ."".., reanal,yz<:d
ln to""" or ,,'. The•• t ..ts W<!re run in tha ro\lSh oh"""el ..hie~ »U;.
Hann1n.g. n of 0.020l. Ht".. tile r..uJ.h '"-" beon plctted in tha r<>l'O:l of
'1.1'4 ve••' nth IF;, a... pc"_t.... , .. ~::.~_ ""....d.. ~1th 1h~ t\<o-
d~s1",,&1. rou;;h toots in tho large tl..-. 'I'ha ult. ot tllo COII\j....1.son
..,.~ very good. In.pita ot tho fa<;t t ....t u.ch ."t o! eUl'vea had. De,." inte....
po1t.te<l. t"" u&I.l dUter"".es in tha plot. could "'s~,)' ~. "~trlbUlcd to
.xper1D&nt.oJ. ..."" V"¥> d.eoJ. • .....,re.
In a "'.llor ....."",r, the nrt1eal bo&r<I c!&ta 11'..n br u.,6 ...u
raartLl,yfied tc. Ut the p1.<lt ot 'J,/s. n ...'. 'i'hu. teat .......a run in .. Mid.r
n_ >dtb 0 dUr.rant "OuQln"o I"'tt8"", '!hel.. N"6hn0u pr«iuco<! .. 1\.I.n.
n1n&'o n <>r 0.024. 1111I resulu ~ to tho M:II1....,i...uar data
and the ugmer>t data. A3a1" tho dUC n... "n...xt..-ly .....u ",,1 COl>-
trlbut.abl~ to exporiJoontal error. Tho author. tool that it i. 0"""""'11
;;/Itor..till; to n~a thit tho te.t dton \.8k." b)t thr•• inv.stigator. in
thro. dlU.rant n..-. and undcr tllre. COllplr..l.<I' d1IC.ront .et lip. pto-
dueed .%:<>at 1<!enUea.l .....Il.l.U. Th1a el••rl,y v...Ui.. th&t .. <i.Cinod tho
c""tra.tion utio OI' h .osenUally an all 1n<:luot". u..... or coW'.e tho
data eo;opo.rad thoo" ><hOI'. the "ec.ntricit, ......rn. tho .kMo ....... urn.
and tho oQt'·anc harp. It h otill nocuo...., to appl,y correction t ........
tor the•• cCltl<iition••
u. ""uld .... tJl,o.t d"" to UIa .:iIIl1ar ....ulu IlSI'ltlonad above
there ebould l>e 0""'"' nation.hip !>etWOOl\ the baekw-.ter ....tio 'j./':J..' the
Pro\¥!. 11<>. IF. ,and tt. COlItraction raU":l1 1t>1e relationship 5h>uld
I>e o,pl1eabla to all oonstriet1<lr1 g.......tri... A• ....,tion.d pr.vio",,1,y in
tba ana1,Yd$," s1m11arit.,y ...3. not,iead bat....n t~. "....ral ditte......t
OIl
".
l>&clcw.hr ""....tione. Tl>R te... (Fo/mi".pptl&rod in ill ot tlla solutio".
or ~jy.. In &ell&r.>l it appeared that
(JO)
wheT'<> C 1& .. 00&[1'101...t wtI1cll wollld t.oke in the .rr..,t. or the disc' J"'(l&
other ""p1rica1.l¥ doten:dned receors. L,qU1Uon(30) 10 aot ....l1,)' the "".....
tion ot .. etro.ib'lt Une 0<1 log&l'1thol1<: P"l'U dth .. depe or~. A t<;·u.).
ot ,0 se:a1-eire..ar l..fl>oO tUt v&ll,lU, 44 v~le.>l board vRlWlS (Col","",,!»
en.1 so ,,&",""t values ~r. plotted in the to= ot yJoi -I n. (rr./~-. are
sl>;1l.1I in figW'& 20. The value or yw. -, ""'" u..cI in orde,.. to .,.pam. tile
~. or the bt.ckv.>.ter ratio. It 10 <;ldte &=o"t tbLt tho <la.t.a. cel1&pnd
int.c or:e Ilr.o,-&1 otrdght hnc re1&tlon.hip.
Tho .....tb:xl o! 1"",.t .q......... ":0.0 applied to .. roadOll ...,,10 of tho
l44 tnt poi"t. to det.crmino the ot;,'a1t.ht line relaUonel>1p. Ane,.. <olv1J>g
tor 't &Jld r,~. (30) IMlc.....
i '" I '!" M6q [( ~, tJ·sot.z
"". (Jl) 10 .. voq Bl.<>ple and ....y 801ut,lon tor tl,. backwater
pzoodueed '01 any~ ot conotrlct1on. In a.ctu.>J. P1"..,t1<:_, tll.1& equat1,,,,
D. :Jur1_cll 'fI:lpeU....Plll ""d , ..10<:1t1 DiS......
In orde,.. to ~1&te t.M ""a1,yw of the ..n..... be_ter, ..sdi_
UonoJ. studies were JI&'l. ot the vel"dty <I1etribution. am tbe aurt..,. p""-
tiles. The•• at""ie.......e ~. tor tb. """"iU"., ot a atdrp eroeto<! .-.1-
ei",,\1l..I.t- e"".~riet.1on witb 0:00.3 at a !'«Iud. NO. w;, of 0.5.
~
I,• •- . I



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































pr.p"rod tor ~h. &Gural ••oU"".. .. cooIp<>s1u piet...... of the hovel <l1&.•
It,...... 1& .hJ.·~ ill tilP""':l2. ;lnlJ' one halt oJ: the <11&:1".......... ~n <I..e to
l}'1Mtrl. All of tho d1&,;,........ ><ere integrated b:r" pl.an1J:leter an<:I tho dbc","rg.
lin .~••ked cga1.r.*t th.. ~nturi-=",el' diacl>:u".:-. TIl_.. all oh.."kOld >.itnln lI'.
, .'th" kineetc ener:a cO<Itflc1""t 0< 81\<!. tho -."t.... eoatr1cl""t. f ........
c&1euUt«l tor tho aeotion of ",,110m flo>;- o.nd. "ou!<>or>d to b<l ""~I.4'; ""d
,'. 1.18 ralp"0t!vel1.
""" utl.llO'\t& "e. a,l"" _. of 11M tor•• l"Oqu1red by t .... brid~. to
prC>duco the uoultinll baokward. '!his .... ..> d.,.... b,. &pplyin& til. ~',,,,, "'l....-
U"" 1rl tM 1nteva1 tc.no _ ....." till ..otion of ..a.d.ol"", b4ekwo.ter ...... tho
una ""ntroet.:>.. ill' lnteg;-:>URJ; lho bova.l du.v;oo:a of tigura n .o.r><l .."ply-
ing the """",lit"", ItOU-,U"". tM ,.Inlli,.e<l bridse t""". ><u round to be 4.54 lb.,
If • o1.olil.Ar .Ileulnticn h OlIIdo on • liIJ.:.hr pr<>t<>tn>- br1d!o with" 1:'<:<1.1-
prot.<>t.Yl>< Iru. c>r l/7t!. tlw t ...l-.%:" Co,.,," 1I<'ll1.<\ It, 'T'b,DIXl lblI.
<I.rille<:! th.. contraction ratio .on be l>SN tor t:I¥ onc\ all t)'pes or bridge
oonltt.c'!oUotJ.. tl>o bGundary roUdu\'" &s well u thO b..ids. angth 10.. Froud.
11.-.. IF", 1.... "1Ian O.~ are I'Ol.>Hv.l;r uniI>por'Unt. and "ho1...!r.cte
to...u p....,,~i"&1 pu;rpo... oan \>t ""Sl.eted. Th. \>tot approximaUon to tll.
b.ckvatu raUo to..."·ci...,lIlar areh brld&•• 10 Ill.... 1n l1a.... 14. l::q......
Uon(21) 0l1li b4l UHd too oalculate ljJ'J. br obU~ """ <I.1 .. ,",,"go coetll·
ohnu tn:xa lill"". lli ....... pract,lc.l fir.t .pproJ<1.all>tlon Ie. tha ...,ldaUtl
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tic" .bolWl occur 1n !.he vlc1n1ty of tl'o> brldl;<l Oltl>&nI<msnt.
III detem1tlin;; tho I>&<:kI<atllr ","<,da.ad by a " ...~ dna)........ 0-.1-
c1r<:ul&r o:fIMt..ie arch br1d;;. wll<ore tho .pJ'1n;:lln. of tll<o arch 1. &t till
1.) Plot tile no...u depth on & ••etio" 'fi_ of tho
buUt•
.....t1o" >1.....
J.) Det.l'I>ino the voJ.u. of .. w blS.
4.) c.oJ.cu1&te ':i./r and get t..b n.lua of Cm frolll
f:1a..... J for the ........... d/,.o. ;/bon tho ••Ilte..
of curvature a bel"" the epr1ngllne. c..J.eu_
late d/r ez:d uae tl'... re.poeti..... 'TVa to obta1l'l
~.
~.) Ca.l<:ul.ate the "onul <lapth rroude N'.d>er fT~.
('l'b<l <li8eb&rge ab>ll1<l b. giY<UI ..,<1 tile ev...",e
velocity V" ..... be d8t.roWIed f""", till eon·
tinuitl' "'!.ution.)
6.) Calculate.' _ ote... (11)0 vol.,. of ::II' .ould be
ohe.ltild bl' plan1lo8terl"<l t..he ereoe O<1d ,_tUna
the r"Uo A.o/A.. di....tll'.)
7.) ....ith.' end If.. l<rt the value of ~./!4rr.:- fi-
gure 14. ,\ ...re appron-t. value ."" bo ob-
shoreline slevatlcn•
.'.o.l Uoe 1'i,,,,"o& 1at> &;'d 1':' tor tM lon;~11 of tl.<
d\·..w down c""o. &."~ tl,e 1l1111_ de~~h.
,~ d.1••hO-rge, nl.ll1&~e tb """,,,<1 depth of
'''''' ~
2.) ~"cwinJ t~.. lWt1t'j .ur1'&•• elevation, t?le 1IWt·
iI:A:l> centerline depth 11 C"" b. cbLd1r.&d by 01>..
v1dinll the <lU'f"r~"ee bet....n the >.>U. ~lcv~W.""
and til' .Ie.... Qt the 'o<:d of th& H......, Iv 1.0S.
Not<:: thU accounts tCr tho 5; dltt.,.,.",u 1n
dcpth beh..en tho conterline and tho at .,.
banks. Thto &top ~ be dl.re.;ardod. u f~ty
!&ctor ill utJJootitl" the 1I1nu... br1d~e are&.
3.) CoJ.culate the """"",1 dept.h Froud. lilEl>o:' if. •
4.J ,11th ~./~. """ Ito <>btdn ~.,. valu.. cf the 00<1-
tr&<:t1on ratio Il' t""", figur. lJo Cr 20 ~i;: ~.
""l;>1.'lJ.«. ()l.)
S.) C4J.eulate the total nor:ml deptll flow &reo A,;,.
n- L..... "t J'<ooL oq....U"" (7).
7.) IJ1tb t:.- ..&lIM ot ;II - bIB .,.1 u. "",t.ra.ot1c1l
a.) P"4\U"O)", u... ~ ..-IOCI ..... u-W on4 ....Nl"
..lJ:t.l..... to u.. I'r~"... .,..,b rl41... ter the eor-
It """ ........re. p"...&QI,M 1.~ tlla p&p>r are ..... &:I s _U-:>d ter
-.k!:l.i L.41... tt ..~a.t.. ct t.loo.t cI1te......, ... tM t,U:win& poc:odc.: ill
NC~"', It ...~ be "I"t b a1tId t"'t -.hh is .. utl&.tlon ..,.; 'l:ot.
bec......te:' 4r,I!JI _ boo lIate..s.tlod.
2.) '-- a nl_ 'It eo. "",..-.1 d"PUo !J..
).) !'lot U- .u- enu....""1o.' ~rl.lIp:ln
tb& lo.~. «I tM, _I-10o:I '1'1 .
10.) ~te.' 1..- tao a ..'"~ d-f:U>. (..:I.U'.ft'
tI;o «!"&U:.:t 11 or ...,~, tbo ....." ....s
eetU:t4 A-a/.... eur....U,,)
j.) OoJo:U.o.t, tboo PrclOJ' iIlII:ber ~ .....u.... )1.
6.) .r1tll IF.. _ ~. .... eq.... icol 19 to lot; U.
tint ..tlaU 01 t.lloo 41ae!l&t"J<l.
7.) W.tll .f'. aod.' I~ tAo .... ot tbe c!11M:"""'.
_ttkl..t ,.... t1CU" 15. (311...t1<Ja 20 e""
&lao boo ...od.)
-.,Wtt.1oco 15.
9.) U t.IMo 41u.11&>-p tro• .tA;> 6 14 _0.;.1 u the .l.h_
ch&>-<9" ot>t.o.1Jl_ m .. _P', t.ho uUah 1.>1 c",..
Flft.. U tllq are ""t ~.-l. us__u... #0•
,..
l.',~oti, c. P, £Ii' ,,,,,ne,., "" 'J.. ;''''at.... i\.If':h
ce"":ri::t-l<,,.e" by::. J. ·'....0:' ~n,,;.:l \ C'rt~r.
\..0, 1':'".:'. Pi'. lWa_·1('!~.
I·D~, S••, 'L(,n!lo-,;~a "": •. ' 1'1<;.
J' O,e.-, Gl, ,,,,04\ r:-...1O••.:cT" 'lot
",].00 'V,l l>1'te,:l.e:r Open--·i:!"".1d







, n'Y'QIlil r..ow ",,'C~~ 0:""" '
,,,1, 120, '955•. 'f> S~~ -?s::>.
of >t<~ ~)-"".'~h c.,..,'" ".:io~ ...
~3, 1~10~~' 1">. 114S· .1L' ...
ZJ:.d 1'='! h
U.~,.G.S.
rl,'~<, ~. J. ""3clo,~t<r ,;·r~ct., of
.~,o ~oi".:-', l', ~l;~51P.'U.I;. C'c;'l ,",





l.l~~"'aur, C•.• ~., C,:-ter.
(I.n "I C~r...tr1~.ll 'n' • tN'
un',!' VOlr. C.
~ al. ~loch>rg.
~. C , 19;'1.
j, '0,', H••• &I,a
C<n,. trJ-"t~c"",.·
, ", r.. K., a':atl,y, .;, U., >T.







7. lJ. S, t':::.·u", 'lr "'-':>1.; .i",d" ';:,,,. ~tL<:n 01
3r~1;e"· O~;ol;,",,", :.958.
'",or 'l1~u '" Hood
,.'it:> L'Zlf;i., ... , 11'. !..b~
in ~'.t.<n!t"lar C~Jr" el.ll with l.>.t>nl
3la,,<~., J,,..o-F,". :;"0, 0" 75-~4;'~'.."Un~. K. ~,•l:"" DlatU." !.<;
C.r:". ft. ,'. ~M r..';" • J. 0,;. "'i'ln ~tteot <>1"
n"-,,, IlINoZl: Kl~,..~ drldg. C.n;",·_cti",~,·
or~tot'l', LolliGh :",l'o, ....tl', ,)''''''0, 19::9.
10. ~=d." 3. T••,.,...:u,'d.,.,....l' 1-:0:\<11 !lJnr-ig"titr.1>,: IiJdrd1!.JC Ct.ar...~




U. 01,1. II. J,. 50>0,,', LA" Rown,~. r., nou "". J.;J. ·i,l.....>ll.c•
.,,' !:J.vcr YlOl, l'mo:- I~'"C:, B.~1cl'i~'~";' F:"'>;;'...~ ~'lp,rt· ?r";~,,ue j:"po>-t
,JhdtLod to tl:. !»ord or "h. ':cu,'O l!ii!>aJ' ~..e....c:, ;'>-o,n<, s..;,- 1.4,
1,59.
Ll, E""ldu,~...,. i:. "On ~to1.1""lJ.l' s.!.d~..." Syo,t_", l·~. e."., VOl. ~,
~'"". ?, ~p. 345-)76, 1~;l.,
1). lMi;;ht, f;. a. ·1<;bl.<;. o! Into!:,,&1a an<! Oth... ltIoUtst.:icol ~t-a.". 1'~..
KacJ41l1atl Co., Ile>o< Yerk. )l"d. M., 1957. p. 61.




'ci" ~t a ~
..:I~lrt"l: " ~ 1









ItldUl of u.. ~J'I"inl llDoo~
Cheq ro..... C<Nfic1.,t. ~ ,*,.







D1st.Moe Ira to,," e;>rlJlal1zl. to
10M c",UI" of O\l:l'YOot.ure of t •••
~~
tlc>rmJ. d.epth !'roU<l. NuoM:-o ----'60....•
'"Froud, INIlIl»r ,t the :01l\1JllU.1
a""C"" ,1.enUon.
C1tte....... lMt tho ..xl","
IoI'd "nl•• ..:n: elAo...U".,••
n- .....,...uRlu4~... l'!'<z>
the _t.r_ tlCe or tJ>e bt1dp
to U.e -d"· *-tv otlnaU....
ThO' po-. i " cllhr 41-. rr-
u. ....... tw. of u.. bdq.


















M 1nfWte aeriu or pcrwe1's or
the lII&><1.onoD d"pt.~ to r&eti... ,.&t.1o.




Portien ot t.ho tot.o.l !low lIuch
could palO tbrc\lgll tho l>r1di\C
without cont....ctJ.cn.
Itf<ln.ullc ....uUl.
RO)'llol,b N\nbe,. ~ Vo/l'
ROJD01d.I Ywobe... VY1"
a..u"" of the .. ..., /I •
Iloptll of normo.l W>llonstrlcted nl7\<.
Depth at tho veno. contrac\:.&.
Depth "t tl>I IIIin1on>m surtac..
elAlvaU<>:r..
Sy:obol for tho ....tio y./r •
Kia_tic vhcoelt,J' of Uta Chid.
Sh.... 1nt.<otl.ltJ &l>UIItI on tho,,"""".1 b-.I.
!louam."~ ... "llIS.oted br
~~.
